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COMPLETE SPECIFICATION 
Improved Process for the Dehydrogenation of Butenes 



(A communication from Standabb Oil 
Development Compaity, a corporation 
duly organised and existing- under the 
laws of .the State of Delaware, United 
*> States af America, having an office at 
Linden, New Jersey, United States of 
America). 

I, John Conrad Abjtold, a British sub- 
ject, of 29, Southampton Buildings, 

W Chancery Lane, London, "W.C.2, do 
hereby declare the nature of this inven- 
tion and in what manner the same is to 
be performed, to be particularly 'described 
and ascertained in and by the following 

«0 statement: — 

This invention relates to the catalytic 
dehydrogenation of butenes to butadiene 
using a finely divided fluidised dehydro- 
genation catalyst. 

20 In prior processes, it has been difficult 
to carry out dehydrogenation operations 
in which high concentrations of catalyst 
and short contact or reaction times are 
used. 

25 In the catalytic dehydrogenation of 
butenes to produce butadiene, it is neces- 
sary to expose butene at reaction tempera- 
ture to a relatively large amount of 
catalyst and at the same time limit the 

30 time of contact of the butene with the 
catalyst at reaction temperature to a 
minimum to minimize side reactions or 
thermal craclring. 
In my foreign correspondents' earlier 

35 Specification No. 55>7,624 there is de- 
scribed a process for the dehydrogenation 
of butene to butadienes in which a mix- 
ture of butenes and fluidised dehydrogena- 
tion catalyst passes overhead from a re- 

40 actor to a gas-solids separating device, in 
which the gaseous reaction products are 
separated from the catalyst and recovered, 
the reaction products being quenched 
with a quenching, fluid before or after 

45 separation from the catalyst and a part of 
the separated catalyst being passed to a 
regenerator in which it is regenerated in 
the presence of free oxygen e.g. air, and 
recycled to the reactor, and a part of the 
[Price I/-] 



separated catalyst being recycled directly 50 
m\ reac *° r without regeneration. 
The present invention comprises a pro- 
cess for the catalytic dehydrogenation of 
butenes to produce butadiene comprising 
introducing a gaseous fluid reactant con- 55 
taining butene, steam and a hydrocarbon 
dehydrogenation catalyst, not deactivated 
by steam in powder form, into the lower 
portion of a reaction zone, passing the 
gaseous fluids upwardly through said re- 60 
action zone at a velocity sufficient to sus- 
pend the catalyst particles in the rising 
gases and forming a dry dense liquid-like 
catalyst-gas mixture, maintaining said 
reaction zone completely full of this fluid- 66 
ized catalyst-gas .mixture, removing 
gaseous reaction products overhead with 
the catalyst in said catalyst-gas mixture 
separating the bulk of the catalyst par- 
ticles from the removed reaction products, 70 
quenching the separated reaction products ' 
to a temperature of 500—1000° F. to 
minimize losses of butadiene, returning 
a controlled amount of the separated cata- 
lyst particles as a confined stream to said 75 
reaction zone without regeneration to aid 
m maintaining the high concentration 
of catalyst in said reaction zone, 
suspending a second portion of said 
separated catalyst in a stream of on 
steam superheated to a temperature above 
1300° R, passing this suspension through 
a regeneration zone and returning the hot 
regenerated catalyst to said reaction zone. 

In the accompanying drawing, the 85 
Figure represents one form of apparatus 
which may be used to carrv out the inven- 
tion. 

Referring now to the drawing, the 
reference character (10) designates a 90 
cylindrical reaction zone or vessel pro- 
A?o\ ed c at i fe j? ottom Portion with an inlet 
for feeding the gaseous reactant to 
the reactor. The reaction vessel (10) is 
provided in its lower portion with a per- Q5 
f orated distribution member or grid mem- 
ber (14) for distributing the gaseous feed 
across the area of the reaction zone or 
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vessel (10). Hot regenerated catalyst is 
introduced into the reactor (10) through 
standpipe (16) provided with one or more 
fluidizing lines (18) for maintaining the 
5 hot regenerated catalyst in fluidized con- 
dition in the standpipe (16). 

The lower portion of the standpipe (16) 
is preferably provided with a control 
valve or damper (22) for regulating the 

10 amount of hot regenerated catalyst par- 
ticles introduced into the reaction zone or 
vessel (10). Yalve (22) may be controlled 
by mechanism responsive to the tempera- 
ture in the reactor (10) or the regenerator 

15 later to be described. The standpipe (16) 
opens into the lower portion of the re- 
action zone (10) above the distribution 
member (14). The gaseous reactant pass- 
ing upwardly through the reaction vessel 

20 (10) maintains the catalyst or contact 
particles in a dry, dense, fluidized liquid- 
simulating condition, and as will be here- 
inafter pointed out, a sufficient amount of 
catalyst particles is introduced into the 

25 reaction zone or vessel C10) to maintain 
the reaction vessel completely full or 
flooded with the dense, fluidized mixture. 

Dry gaseous reaction products together 
with* catalyst particles pass overhead 

30 through line (24) and the mixture is 
passed to a separating means (26) for 
separating a laree amount of the catalyst 
particles from the gaseaus reaction pro- 
ducts. The separating means is shown in 

35 the drawing as a cyclone separator but 
other forms of separating means may be 
used. The separated catalyst particles 
are withdrawn from the bottom of the 
separating means (26) and are introduced 

40 into a standpipe (28) which conducts a 
controlled amount of the separated cata- 
lyst particles back into the reaction zone 
or vessel (10). The intermediate portion 
of the standpipe (28) is provided with a 

45 branch standpipe (29) which opens into 
the reactor (10) above the distribution 
'plate or grid (14). 

. The branch standpipe (29) is preferably 
provided with a control valve or damper 
50 (30) in its lower portion to control the flow 
of catalyst particles from the standpipe 
(28). With a certain desired concentra- 
tion of catalyst in reactant gases there is 
a certain pressure drop through the re- 

55 actor. (10). The concentration may be 
maintained at about the desired figure by 
pressure responsive means (31) connected 
to valve (30) by means (32) for moving 
valve (30) toward open or closed position 

QO as the concentration in reactor (10) varies 
for any reason. 

The density of the fluidized catalyst 
mixture in "the standpipe (28) above 
branch branch standpipe (29) is greater 

65 than the density of the mixture in the re- 



action zone or vessel (10) and by pressure 
produced by the hydrostatic column, the 
catalyst is returned from the separating 
means (26) to the reaction zone or vessel 
(10). If desired, the standpipe (28) may 70 
be provided with one or more fluidizing 
lines (33) to insure maintaining the par- 
ticles in fluidized condition in the stand- 
pipe, we 
The rest of the catalyst passes to stand- •« 
pipe (34) which forms a continuation of 
standpipe (28). The lower portion of 
standpipe (34) is provided with a control 
valve (35) responsive to the level of cata- 
lyst collecting in cyclone separator (26). 8Q 
A lever control (36) is provided for separ- 
ator (26) and has means (37) for control- 
ling the position of control valve (35) in 
standpipe (34) to maintain standpipes (28) 
and (34) substantially full at all times. 85 
From the bottom of standpipe (34) the 
catalvst passes to regeneration zone (38) as 
will 'be hereinafter described in greater 
detail. 

The separated reaction products in 90 
gaseous form pass overhead from the 
separating means (26) through line (39). 
The reaction products may contain en- 
trained catalyst and it is therefore prefer- 
able to pass the reaction products through 95 
another separating stage or step to recover 
an additional quantity of catalyst par- 
ticles. A quenching medium, such as 
water, vaporizable liquids generally ; or 
cold catalyst particles, is introduced into 100 
line (39 T through line (40) to quickly 
reduce the temperature below the tem- 
perature at which side reactions such as 
polymerization or thermal Tracking 
occur. t 105 

The quenched products together with 
the catalyst particles entrained therein are 
passed to a second separating means (41) 
in which the bulk of the catalyst is re- 
moved from the gaseous or vaporous pro- 110 
ducts. The separating means is shown in 
the drawing as a cyclone separator but . 
other forms of separating means may be 
used. The separated catalyst particles 
are withdrawn from the bottom of the 116 
separating means (41) and passed into a 
standpipe (42) which returns the separ- 
ated catalyst particles to the interior of 
the reaction zone or vessel tW. The 
bottom of the standpipe (42) may be pro- 120 
vided with a control valve (43). The 
bottom of the standpipe (42) preferably 
terminates above the distribution plate 
member (14). 

The separated reaction products pass 126 
overhead through line (43 1 ) and are pre- 
ferably passed to cyclone separator or the 
like (44) for separating additional 
amounts of entrained catalyst. The 
separated catalyst is returned to reactor 130 
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(10) through line (45) which terminates 
above grid member (14). The separated 
reaction products pass overhead through 
line (46) to suitable separation equipment 

5 for recovering the desired products. 

Instead of returning the separated cata- 
lyst, particles from the separating means 
(41) to the reaction zone or vessel (10), the 
catalyst particles may be withdrawn from 

10 the standpipe (42) through a branch line 
or standpipe foot shown) and passed to the 
regeneration zone (38) before being re- 
turned to the reaction zone (10) . 
It is necessary to regenerate the catalyst 

Id particles before reusing them in another 
reaction step. One method of regenera- 
tion will now be described. .Catalyst par- 
ticles are withdrawn from the lower por- 
tion of the dense mixture in the reaction 

40 zone (10) through a withdrawal pipe (52) 
which extends above the distribution plate 

The withdrawal pipe (52) forms a stand- 

0 Pipe. One or more fluidizing lines (54) 

<5o may be provided for introducing fluid- 
lzmg gas into the standpipe (52). The 
fluidizing gas may also be used to strip 
vaporizable material from the catalyst 
particles. The standpipe (52) is provided 

ou with a control valve (56) for controlling 
the rate of withdrawal of the catalyst 
particles from, the reaction zon© (10). 

Steam is used as the regenerating' gas 
and is introduced through line (58) below 

35 valve (35) in standpipe (34) and mixed 
with the spent or coke-containing catalyst 
particles from standpipe (34) to make a 
less dense mixture and this less dense mix- 
ture is passed through line (62) for a 

40 short distance and is then mixed with 
spent catalyst from standpipe (52) below 
valve (56). The total less dense mixture 
is then passeil through line '(63) into the 
bottom portion of the regeneration zone 

45 or vessel (38) below a distribution plate or 
grid member (66) in the bottom portion c* 
the regeneration vessel. 

The velocity of the regenerating' gas 
passing upwardly through the regenera- 

50 tion vessel is selected *" to maintain the ■ 
catalyst particles in a dense" fluidized 
liquid-simulating condition as shown -at 
(68) having a level indicated at (72). 
Above the dense phase is a less dense or 

55 dilute phase (74) in which the gases con- 
tain only a small amount of entrained 
catalyst particles. 

The regeneration gases leave the dense 
bed or mixture and pass through a 

60 separating means (76) arranged in the 
upper portion of the .regeneration vessel 
(64). Separated catalyst particles are re- 
turned to the dense bed or mixture (68) 
through line (78). Hot regeneration 

65 gases leave the separation means (76) 



through line (82). The gases passing 
through line (82) still contain entrained 
catalyst and it may be desirable to re- 
cover this catalyst by passing the gases 
through additional separating means, 70 
such as cyclone separators, a Cottrell pre- 
cipitator or a scrubbing tower. 

Hot regenerated catalyst particles are 
withdrawn from the lower portion of the 
dense bed or mixture (68) through with- 75 
drawal line or standpipe (84) vhich 
extends above the distribution plate (66) 
and which forms a continuation of the 
standpipe (16) hereinbefore described. 

Fresh make-up catalyst is preferably 80 
added to regenerator (38) through line 
(86). 

The butenes to be dehydrogenated 
admixed with steam are passed through 
line (12) into the bottom portion of th*» 85 
reaction zone or vessel (10). ■ 

For maximum production of butadienes 
the butene feed comprises butenes-1 and 
-2 of reasonably high purity. The cata- 
lyst should be one not deactivated by 90 
steam. 

The butene feed is desirablv preheated . 
to a temperature of SOOT, to 1000° P., a 
part of the heat for the process being 
supplied from the combustion of carbon- 95 
aceous matter in the regenerator which is 
preferably at a temperature of 1200— 
1500° F. The catalyst comprises any 
suitable dehydrogenation catalyst, such 
as oxides of iron, magnesium or copper or 100 
mixtures thereof with or without potas- 
sium oxide. The catalyst is heated to 
about a temperature of 1300° F. to 1500° 
F., preferably about 1400° F. 

About 10 to 20 mols. of superheated} 105 
steam' per mol. of feed should be used for 
regeneration by the water-gas reaction. 
The temperature during regeneration 
with steam is about 1200° F. to 1400° F. 
Heat in addition to that supplied by cata- 110 
lyst in the reaction zone is preferably 
supplied by superheated steam heated to 
a temperature above about 1200° F. 
When using a catalyst containing potas- 
sium, it may be desirable to add a potas- 115 
sium compound to replace the potassium 
lost during the process. 

Where regeneration temperatures are 
much higher than, the reaction tempera- 
ture, the butene feed mav be heated to a 120 
lower temperature to avoid thermal crack- 
ing and- when it is mixed with the regener- 
ated catalyst at a^ higher temperature, tie 
butene feed is raised to the reaction tem- 
perature almost instantaneously. Also 125 
the steam may be heated to temperatures 
higher than reaction temperatures before 
being introduced into the taction zone 
to supply heat to the butene feed. 

The catalyst is preferably in finely 130 
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divided or pulverized form of a size be- 
tween about 50 and 400 standard vuvsh. 
However, substantially coarser particles 
may be used. The butene feed passing 

5 upwardly through, the reaction zone 
maintains the catalyst particles in a dry 
fluidized liquid-simulating condition. 
When using a catalyst of about 100 to 400 
standard mesh, the dense fluidized nrix- 

L0 ture in the reaction zone or vessel (10) will 
have a density between about 10 lbs. per 
cubic foot and 50 lbs. per cubic foot, 
depending on the rate of addition of cata- 
lyst to the reaction zone relative to the 

16 vapor rate, and upon the physical charac- 
teristics of the catalyst. 

The velocity of the butene vapors pass- 
ing up through the reaction zone may 
vary between about 3 ft. per second to 50 

30 ft. per second. The reaction time or time 
of contact of the butene feed with the 
catalvst particles from the distribution 
plate' (14) to the separating means (26) 
may vaTy between about 0.1 seconds to 10 

25 seconds/ preferably about 0.1 to 2.0 
seconds. 

From the above it will be seen that the 
butene feed passes through the reaction 
zone at a high velocity, and in order to 

30 maintain catalyst within the reaction zone 
or vessel it is* necessary to feed a large 
amount of catalyst particles to the reac- 
tion zone. Part of this catalyst is fed from 
the standpipe (16) which contains hot 

35 regenerated catalyst particles and the rest 
is supplied by "recirculation from the 
separating means (26) through line (29) 
and from separating means (41) and (44) 
through lines (42) and (4o), respectively. 

40 Due to the high velocitv of the vapors and 
to the feeding of the large amount of cata- 
lyst particles to the reaction zone, the 
reaction zone (10) is completely flooded 
with catalyst in the dense phase and 

46 the gaseous products passing overhead 
through line (24) are in a dense phase or 
mixture. The overhead pipe or outlet 
pipe (24) is really an overflow pipe which 
permits removalof the dense phase mix- 

50 tare from the top portion of the reaction 
zone or vessel (10). 

Hot regenerated catalyst introduced 
through standpipe (16) and recirculated 
catalyst from standpipe (29) and lines 

55 (42\ and (45) are added to the reactor and 
the amount of recirculated catalvst added 
per cubic foot of butene vapor introduced 
into the reaction zone or vessel (10) 
approaches half the concentration desired 

60 or maintained in the reaction zone at high 
rates of catalyst addition. 

Gaseous reaction products leaving 1 the 
first separating means (26) through line 
(39) are quenched bv the introduction 

65 through line (40) of cool catalyst to a 



temperature of about 500° F. to 1000° F., 
or water may be used as a quenching 
medium. The reaction products in 
gaseous form leaving the third separating 
means (44) through line (46) are passed to 70 
any suitable equipment for recoverinc* de- 
sired products. The reaction products 
may be treated with a solvent which is 
selective for butadiene and the butadiene 
is then separated from the solvent. 76 

During regeneration, the temperature 
is maintained between about 1300° F. and 
1500° F. 

The regenerating steam is heated to a 
higher temperature than reaction tern- 80 
perature and in addition to steam fuel 
may be burned in the regeneration zone to 
supply the heat necessary to raise the 
temperature of the catalyst particles to 
above reaction temperature in the reactor. 85 

Instead of withdrawing all the spent 
catalyst from the bottom of the reaction 
zone through pipe or standpipe (52), the 
standpipe (52) may he partially blocked as 
bv a valve and more spent catalyst may be 90 
directed to standpipes (28) and (34) and 
withdrawn therefrom to regenerator (38). 
When operating in this manner, it may 
be desirable to introduce part or all of the 
quench medium from line (40) into line 95 
(43) instead of line (39), in order to reduce 
the amount of quench material required 
and avoid cooling an excessive quantity 
of catalyst. 

- Having now particularly described and 100 
ascertained the nature of the said inven- 
tion and in what manner the same is to 
be performed, as communicated to me by 
my foreign correspondents, I declare 
that *-hat I claim is:— 105 

1. A process for the catalytic dehydro- 
genation of butenes to produce butadiene 
comprising introducing a gaseous fluid 
reactant containing butene, steam and a 
hydrocarbon dehydrogenation catalyst, 110 
not deactivated by* steam, in powder form, 
into the lower portion of a reaction zone, 
passing the gaseous fluids upwardly 
through said reaction zone at a velocity 
sufficient to suspenchthe catalyst particles 115 
in the rising gases and forming a dry 
dense liquid-like catalyst-gas mixture, 
maintaining said reaction zone completely 
full of this fluidized catalyst-gas mixture, 
removing gaseous fluid reaction products 120 
overhead with the catalyst in said 
catalyst-gas mixture, separating the bulk 
of the catalyst particles from the removed 
reaction products, quenching the separ- 
ated reaction products to a temperature of 125 
500—1000° F. to minimize losses of buta- 
diene, returning a controlled amount of 
the separated catalyst particles as a con- 
fined stream to said reaction zone without 
regeneration to aid in maintaining the 180 
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high concentration of catalyst in said re- 
action zone, suspending a second portion 
of said separated catalyst in a stream of 
steam superheated to a temperature above 
'61200° F., passing this suspension through 
a regeneration zone and returning the hot 
regenerated catalyst to said reaction zone. 

2. A process according to Claim 1, 
therein the gaseous butene reactant is 

10 preheated to 800^-1000° F. and the said 
hot regenerated catalyst is at a tempera- 
ture of 1200—1500° P. 

3. The process according to Claim 1, 
wherein the hat regenerated 'catalyst and 



recycled catalyst are introduced as dense 15 
fluidized mixtures into the dense fluidized 
mixture in said reaction zone above the 
place of introduction of the gaseous re- 
actant. 

4. Process according to Claim 1, in 20 
which the said hydrocarbon clehydro- 
genation catalyst • comprises an oxide of 
iron. 

Dated this 6th day of JuK 1945. 
D. YOUNG & CO., 
29 1 Southampton Buildings, 
Chancery Lane, London, W.C.2, 
Agents for the Applicant. 
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